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LIGHTING DEVICE AND LUMINAIRE USING
THE SAME

CROSS-REFERENCE TO RELAT
APPLICATION

T
»

This application claims the benefit of priority of Japanese
Patent Application Number 2013-206382, filed on Oct. 1,

2013, the entire contents of which are hereby incorporated by
reference.

TECHNICAL FIELD

The present disclosure relates to a lighting device that
lights solid light-emitting elements, and a luminaire using the
same.

BACKGROUND ART

Conventionally, there has been provided a lighting device
to light solid light-emitting elements (semiconductor light-
emitting elements) such as LED (light-emitting diode) ele-
ments or organic EL (electro-luminescence) elements (see,
¢.g., Japanese Unexamined Patent Application Publication
No. 2012-014879). A lighting device disclosed 1n the above-
mentioned reference mcludes a power-factor correction cir-
cuit and a power conversion circuit. The power-factor correc-
tion circuit 1s connected to an AC power source. The power
conversion circuit performs power conversion on the output
from the power-factor correction circuit to supply current to
solid light-emitting elements, thereby lighting the solid light-
emitting elements.

The lighting device disclosed 1n the above-mentioned ret-
erence further includes an abnormality detection circuit and a
control circuit. The abnormality detection circuit detects
abnormality (such as short-circuit and open-circuit) in the
solid light-emitting elements. When abnormality 1n the solid
light-emitting elements 1s detected by the abnormality detec-
tion circuit, the control circuit stops the operation of the
power-factor correction circuit or suppresses the output of the
power-factor correction circuit.

In order to regulate the current supplied to the solid light-
emitting elements to be constant, the power conversion circuit
of the above-mentioned reference i1s configured as a step-
down chopper circuit having a switching element (a semicon-
ductor element). Accordingly, when the switching element
has a short-circuit failure, current 1s continuously supplied
from the power-factor correction circuit to the solid light-
emitting elements, and thus the solid light-emitting elements
produce heat. The abnormality detection circuit in the above-
mentioned reference 1s merely to detect abnormality 1in the
solid light-emitting elements, but 1s not able to cope with a
short-circuit failure of the switching element.

SUMMARY OF THE INVENTION

In view of the above, the present disclosure provides a
lighting device that 1s capable of suppressing solid light-
emitting elements from producing heat when a semiconduc-
tor element 1s short-circuited, and a luminaire using the same.

In accordance with an aspect of the present invention, there
1s provided a lighting device for lighting a solid light-emitting
clement, including: a DC power source circuit configured to
output DC power; a power conversion circuit mcluding a
semiconductor element connected between output terminals
of the DC power source circuit, the power conversion circuit
configured to supply power to the solid light-emitting ele-
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2

ment through a control of a conduction state of the semicon-
ductor element; a first control circuit configured to control an
output of the DC power source circuit; a second control
circuit configured to control an output of the power conver-
s1on circuit by controlling the conduction state of the semi-
conductor element; and a short-circuit detection circuit con-
figured to detect a short-circuit in the semiconductor element,
wherein the first control circuit reduces the output of the DC
power source circuit when the short-circuit detection circuit
detects the short-circuit 1n the semiconductor element.

In the lighting device, the semiconductor element may be a
switching element, switching of the switching element being,
controlled by the second control circuit, and the power con-
version circuit may be a chopper circuit that supplies a desired
power to the solid light-emitting element through a control of
current flowing 1n the switching element.

The lighting device may further include a voltage detection
circuit configured to detect a voltage at a higher-potential
terminal or at a lower-potential terminal of the semiconductor
clement, wherein the short-circuit detection circuit may coms-
pare a detection result by the voltage detection circuit with a
threshold value, and determines whether or not the semicon-
ductor element 1s 1n a short-circuit state based on a compari-
son result.

The lighting device may further include a current detection
circuit configured to detect a current flowing in the switching
clement, wherein the short-circuit detection circuit may coms-
pare a detection result by the current detection circuit with a
threshold value, and may determine whether or not the semi-
conductor element 1s 1n a short-circuit state based on a dura-
tion of a time period in which the detection result by the
current detection circuit 1s equal to or greater than the thresh-
old value.

The lighting device may further include: a current detec-
tion circuit configured to detect a current tlowing in the
switching element; and a timer configured to start to count
when the second control circuit outputs an on-signal to turn
on the switching element, and configured to reset a counted
value when a detection result by the current detection circuit
reaches a predetermined value, wherein the short-circuit
detection circuit may determine that the switching element 1s
in a short-circuit state if the counted value by the timer
exceeds a threshold value.

The highting device may further include: a current detec-
tion circuit; and a timer configured to measure time, wherein
the chopper circuit may include an inductor, 1n which the
solid light-emitting element, the inductor and the switching
clement are connected in series to one another between the
output terminals of the DC power source circuit; wherein the
current detection circuit may detect current flowing 1n the
inductor; wherein the timer may start to count when the
control circuit outputs an on-signal to turn on the switching
clement and may reset a counted value when a detection result
by the current detection circuit becomes lower than a prede-
termined value; and wherein the short-circuit detection cir-
cuit may determine that the switching element 1s 1n a short-
circuit state 1f the counted value by the timer exceeds a
threshold value.

The lighting device may further include a voltage detection
circuit configured to detect an output voltage ol the DC power
source circuit, wherein the chopper circuit may include an
inductor, in which the solid light-emitting element, the induc-
tor and the switching element are connected in series to one
another between the output terminals of the DC power source
circuit; and wherein the short-circuit detection circuit may
determine that the switching element 1s 1n a short-circuit state
if a detection result by the voltage detection circuitis less than
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a threshold value while the second control circuit outputs an
off-signal to turn oif the switching element.

In accordance with another aspect of the present invention,
there 1s provided a luminaire including a lighting device and
a solid light-emitting element to be powered by the lighting
device, the lighting device including: a DC power source
circuit configured to output DC power; a power conversion
circuit 1ncluding a semiconductor element connected
between output terminals of the DC power source circuit, the
power conversion circuit configured to supply power to the
solid light-emitting element through a control of a conduction
state of the semiconductor element; a first control circuit
configured to control an output of the DC power source cir-
cuit; a second control circuit configured to control an output
ol the power conversion circuit by controlling the conduction
state of the semiconductor element; and a short-circuit detec-
tion circuit configured to detect a short-circuit in the semi-
conductor element, wherein the first control circuit reduces
the output of the DC power source circuit when the short-
circuit detection circuit detects the short-circuit 1n the semi-
conductor element.

As set forth above, according to the aspects of the present
invention, 1f the short-circuit detection circuit detects a short-
circuit 1n a semiconductor element, the first control circuit
reduces the output of the DC power source circuit to thereby
reduce current supplied to solid light-emitting elements.
Accordingly, when the semiconductor element has a short-
circuit failure, 1t 1s possible to suppress the solid light-emit-
ting elements from producing heat.

BRIEF DESCRIPTION OF THE DRAWINGS

The figures depict one or more implementations 1n accor-
dance with the present teaching, by way of example only, not
by way of limitations. In the figures, like reference numerals
refer to the same or similar elements.

FIG. 1 1s a circuit block diagram of a lighting device in
accordance with an embodiment of the present invention;

FIG. 2 shows wavelorm diagrams when a switching ele-
ment Q1 included 1n the lighting device i accordance with
the embodiment 1s normal, wherein (a) 1s a waveform dia-
gram of a drive signal S1, (b) 1s a wavelform diagram of a
tourth voltage V4, and (¢) 1s a wavelorm diagram of a chopper
current I1;

FIG. 3 shows wavetorm diagrams when the switching ele-
ment included 1n the lighting device 1n accordance with the
embodiment has a short-circuit failure, wherein (a) 1s a wave-
form diagram of the drive signal S1, (b) 1s a wavelorm dia-
gram of the fourth voltage V4, and (c) 1s a wavetform diagram
of the chopper current I1;

FIG. 4 1s a circuit block diagram of a lighting device in
accordance with a modification of the embodiment;

FIG. § shows wavelorm diagrams when a switching ele-
ment included 1n the lighting device in accordance with the
modification of the embodiment 1s normal, wherein (a) 1s a
wavelorm diagram of a drive signal S1, (b) 1s a waveform
diagram of a fitth voltage V5, and (¢) 1s a wavetorm diagram
of a chopper current I1;

FIG. 6 shows wavetform diagrams when the switching ele-
ment included 1n the lighting device 1n accordance with the
modification of the embodiment has a short-circuit failure,
wherein (a) 1s a wavelorm diagram of the drive signal 51, (b)
1s a wavelorm diagram of the fifth voltage VS5, and (c) 1s a
wavetorm diagram of the chopper current I1;

FIG. 7 1s a circuit block diagram of a lighting device in
accordance with another modification of the embodiment:
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4

FIG. 8 1s a circuit block diagram of a lighting device
according to another embodiment of the present invention;

FIG. 9 shows wavelform diagrams when a switching ele-
ment included 1n the lighting device 1n accordance with the
another embodiment 1s normal, wherein (a) 1s a waveform
diagram of a drive signal S1, (b) 1s a wavelorm diagram of a
seventh voltage V7, (¢) 1s a wavelorm diagram of an output
signal S2, and (d) 1s a wavelorm diagram of a chopper current
I1;

FIG. 10 shows waveform diagrams when the switching
clement included 1n the lighting device 1n accordance with the
another embodiment has a short-circuit failure, wherein (a) 1s
a wavetorm diagram of the drive signal S1, (b) 1s a wavetorm
diagram of the seventh voltage V7, (¢) 1s a wavetform diagram
of the output signal S2, and (d) 1s a wavelorm diagram of the
chopper current I1;

FIG. 11 1s a circuit block diagram of a lighting device 1n
accordance with a still another embodiment of the present
invention;

FIG. 12 shows waveform diagrams when a switching ele-
ment included 1n the lighting device 1n accordance with the
still another embodiment 1s normal, wherein (a) 1s a wave-
form diagram of a drive signal S1, (b) 1s a wavelorm diagram
of a fourth voltage V4, and (¢) 1s a wavelorm diagram of a
chopper current 11;

FIG. 13 shows waveform diagrams when the switching
clement included 1n the lighting device 1n accordance with the
st1ll another embodiment has a short-circuit failure, wherein
(a) 15 a wavelorm diagram of the drive signal S1, (b) 1s a
wavelorm diagram of the fourth voltage V4, and (c) 1s a
wavetorm diagram of the chopper current I1;

FIG. 14 1s a circuit block diagram of a lighting device 1n
accordance with a modification of the still another embodi-
ment;

FIG. 15 shows waveform diagrams when a switching ele-
ment icluded 1n the lighting device in accordance with the
modification of the still another embodiment 1s normal,
wherein (a) 1s a wavelorm diagram of a drive signal S1, (b) 1s
a wavelorm diagram of a fourth voltage V4, and (c) 1s a
wavelorm diagram of a chopper current 11;

FIG. 16 shows wavetform diagrams when the switching
clement included 1n the lighting device 1n accordance with the
modification of the still another embodiment has a short-
circuit failure, wherein (a) 1s a wavelorm diagram of the drive
signal S1, (b) 1s a wavelorm diagram of the fourth voltage V4,
and (c) 1s a wavetorm diagram of the chopper current I1;

FIG. 17 1s a circuit block diagram of a lighting device 1n
accordance with a still yet another embodiment of the present
invention; and

FIG. 18 1s a view 1llustrating a schematic configuration of
a luminaire 1n accordance with a still yet further embodiment
ol the present invention.

DETAILED DESCRIPTION

Hereinatter, embodiments of the present invention will be
described with reference to accompanying drawings which
form a part hereotf.

(Embodiment 1)

FIG. 1 1s a circuit block diagram of a lighting device 1n
accordance with a first embodiment of the present invention.
The lighting device 1 according to the first embodiment
mainly mncludes a DC power source circuit 2, a power con-
version circuit 3, a first control circuit 4, a second control
circuit 5, and a short-circuit detection circuit 6. In addition,
the lighting device 1 uses a commercial power supply E1 as an
input power supply to light LED (light-emitting diode) ele-
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ments 71 (solid light-emitting elements). Hereinatiter, the
configuration of the lighting device 1 will be described.

The DC power source circuit 2 1s connected to the com-
mercial power supply E1 and outputs DC power. Specifically,
the DC power source circuit 2 1s configured as an AC/DC
conversion circuit that converts an AC voltage V1 (hereinafter
referred to as afirst voltage V1) supplied from the commercial
power supply E1 1into a DC voltage V2 (hereinafter referred to
as a second voltage V2). Further, a capacitor C1 1s connected
between output terminals of the DC power source circuit 2.
The capacitor C1 works as a smoothing capacitor. Further, the
negative terminal of the capacitor C1 1s connected to the
ground potential of the circuit.

The first control circuit 4 controls the operation of the DC
power source circuit 2 to control the output of the DC power
source circuit 2. In this embodiment, the first control circuit 4
performs constant voltage control such that the second volt-
age V2 becomes a predetermined value.

The power conversion circuit 3 1s connected to the outputs
of the DC power source circuit 2. In addition, the power
conversion circuit 3 converts the output power from the DC
power source circuit 2 into a desired power level to supply 1t
to the LED elements 71. Specifically, the power conversion
circuit 3 1s configured as a step-down chopper circuit that
includes a switching element Q1 (a semiconductor element),
an mnductor L1, a diode D1, and a capacitor C2. A series
circuit of the capacitor C2, the inductor L1 and the switching
clement Q1 connected in that order 1s connected between the
output terminals of the DC power source circuit 2 (between
two terminals of the capacitor C1). In addition, the diode D1
1s connected 1n parallel to a series circuit of the capacitor C2
and the inductor L1. The capacitor C2 works as a smoothing
capacitor. Further, the diode D1 works as a flyback diode. The
switching element Q1 1s configured as an n-channel MOS-
FET  (metal-oxide-semiconductor-ficld-etiect-transistor).
Further, the switching of the switching element Q1 1s con-
trolled by the second control circuit 3.

Further, a light source 7 1s connected between the output
terminals of the power conversion circuit 3 (between two
terminals of the capacitor C2). The light source 7 has a series
circuit of one or more LED elements 71 (three LED elements
are shown 1n FIG. 1). The series circuit of the LED elements
71 1s connected 1n parallel to the capacitor C2.

Further, by controlling the switching of the switching ele-
ment Q1, the power conversion circuit 3 generates a stepped-
down DC voltage from the second voltage V2. The stepped-
down DC voltage 1s applied to the light source 7. Upon the DC
voltage being applied to the light source 7, DC current flows
in every LED element 71, so that every LED element 71 1s lat.
In this regard, the sum of voltage drops across the respective
LED elements 71 1s referred to as a third voltage V3.

The second control circuit 5 outputs a drive signal S1 to the
switching element Q1 to control the switching of the switch-
ing element Q1. The drive signal S1 1s a square wave having
a high level (heremafter referred to as H-level) and a low level
(hereinafter referred to as L-level) repeated alternately.
H-level of the drive signal S1 corresponds to an on-signal to
turn on the switching element Q1. L-level of the drive signal
S1 corresponds to an off-signal to turn off the switching
clement Q1. The second control circuit 5 outputs the drive
signal S1 to the switching element Q1 to thereby turn on and
off the switching element Q1. The second control circuit 3
controls the conduction state of the switching element Q1,
namely, controls the current flowing 1n the switching element
Q1 by way of turming on and off the switching element Q1. By
the control of the current tlowing in the switching element (1,
the power conversion circuit 3 supplies a desired power, spe-
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cifically a desired constant current, to the LED elements 71.
In this embodiment, the frequency and the off-duty (or on-
duty) of the drive signal S1, for example, are fixed to preset
values. However, the values of the frequency and the off-duty
(or on-duty) of the drive signal S1 may vary.

The lighting device 1 according to the first embodiment
turther includes a voltage detection circuit 81 (a first voltage
detection circuit) that detects a voltage V4 at the higher-
potential terminal of the switching element Q1, 1.e., the volt-
age V4 between the drain and source terminals of the switch-
ing element Q1 (hereinafter referred to as the fourth voltage
V4). The voltage detection circuit 81 outputs a detection
result to the short-circuit detection circuit 6.

The short-circuit detection circuit 6 detects a short-circuit
in the switching element Q1. Specifically, the short-circuit
detection circuit 6 compares a detection result from the volt-
age detection circuit 81 (the fourth voltage V4) with a thresh-
old value V , , (a first threshold value). Then, the short-circuit
detection circuit 6 determines whether or not the switching
clement Q1 1s 1n a short-circuit state based on the comparison
result.

In the following descriptions, 1t will be described how the
short-circuit detection circuit 6 detects a short-circuit 1n the
switching element Q1, with reference to wavetorm diagrams
illustrated 1n FIGS. 2 and 3. FIG. 2 shows wavetorm diagrams
when the switching element Q1 1s normal, 1.e., when the
switching element Q1 has no short-circuit failure. FIG. 3
shows wavelorm diagrams when the switching element Q1
has a short-circuit failure. (a) 1n FIGS. 2 and 3 1s a wavelorm
diagram of the drive signal S1 that 1s outputted from the
second control circuit 3 to the switching element Q1. (b) 1n
FIGS. 2 and 3 1s a wavelorm diagram of the fourth voltage V4
that 1s detected by the voltage detection circuit 81. (¢) in
FIGS. 2 and 3 1s a wavelorm diagram of a chopper current I1
flowing in the inductor L1.

First, the operation when the switching element Q1 1s 1n a
normal state (when no short-circuit 1s formed) will be
described.

When the drive signal S1 1s at H-level, the switching ele-
ment Q1 1s turned on. As the switching element Q1 1s turned
on, the value of the fourth voltage V4 becomes zero (see (b) 1n
FIG. 2). Additionally, as the switching element Q1 1s turned
on, the chopper current I1 increases linearly (see (¢) in FIG.
2).

When the drnive signal S1 1s switched from H-level to
L-level, the switching element Q1 1s turned off. As the switch-
ing element Q1 1s turned oif, the value of the fourth voltage
V4 becomes a value equal to the second voltage V2 that 1s
outputted from the DC power source circuit 2 (see (b) in FIG.
2). Additionally, as the switching element (Q1 1s turned off, the
chopper current 11 decreases linearly (see (¢) 1n FIG. 2).

Next, the operation when the switching element (Q1 has a
short-circuit failure will be described.

If the switching element Q1 has a short-circuit failure, the
switching element Q1 stays in the on-state all the time, 1rre-
spective of the signal level of the drive signal S1. Accordingly,
the value of the fourth voltage V4 stays at zero all the time (see
(b) 1n FIG. 3). In addition, if the switching element Q1 has a
short-circuit failure, the DC current that 1s determined by the
power supply capability of the DC power source circuit 2
continues to flow 1n the LED elements 71 and the inductor L1
(see (¢) 1 FIG. 3). Further, the value of the second voltage V2
that 1s outputted from the DC power source circuit 2 decreases
until it becomes approximately the same value as the DC
voltage V3 (the sum of the voltage drops across the respective

LED elements 71) (see (b) 1n FIG. 3).
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As described above, when the switching element Q1 1s 1n
the normal state, the value of the fourth voltage V4 alternates
between the value of the second voltage V2 and zero (see (b)
in FIG. 2). On the other hand, when the switching element Q1
has a short-circuit failure, the value of the fourth voltage V4
stays at zero all the time (see (b) 1n FIG. 3).

In this regard, the short-circuit detection circuit 6 in this
embodiment calculates the average value of the fourth voltage
V4. Further, the short-circuit detection circuit 6 compares the
average value of the fourth voltage V4 with the threshold
valueV , , to determine whether or not the switching element
Q1 1s 1n a short-circuit state. The average value of the fourth
voltage V4 1s obtained by multiplying the value of the second
voltage V2 by the off-duty of the drive signal S1. If the
average value of the fourth voltage V4 1s equal to or greater
than the threshold value V . ,, the short-circuit detection cir-
cuit 6 determines that the switching element Q1 1s 1n the
normal state (no short-circuit. On the other hand, i1 the aver-
age value of the fourth voltage V4 1s less than the threshold
valueV , ,, the short-circuit detection circuit 6 determines that
the switching element Q1 1s 1n a short-circuit state, namely,
detects a short-circuit in the switching element Q1. Further, 1f
the short-circuit detection circuit 6 detects a short-circuit in
the switching element 1, the first control circuit 4 that con-
trols the output of the DC power source circuit 2 reduces the
output of the DC power source circuit 2.

As described above, the lighting device 1 according to the
first embodiment includes the DC power source circuit 2, the
power conversion circuit 3, the first control circuit 4, the
second control circuit 5, and the short-circuit detection circuit
6. The DC power source circuit 2 outputs DC power. The
power conversion circuit 3 has the switching element Q1 (the
semiconductor element) connected between the output termai-
nals of the DC power source circuit 2, and supplies power to
the LED elements 71 (solid light-emitting elements) as the
conduction state of the switching element Q1 1s controlled.
The first control circuit 4 controls the output of the DC power
source circuit 2. The second control circuit 5 controls the
conduction state of the switching element (Q1 to thereby con-
trol the output of the power conversion circuit 3. The short-
circuit detection circuit 6 detects a short-circuit in the switch-
ing element Q1. Further, 1f the short-circuit detection circuit
6 detects a short-circuit 1n the switching element Q1, the first

control circuit 4 reduces the output of the DC power source
circuit 2.

As the output of the DC power source circuit 2 1s reduced,
the current flowing in the LED elements 71 decreases.
Accordingly, when the switching element Q1 has a short-
circuit failure, the lighting device 1 of the first embodiment
can suppress the LED elements 71 from producing heat and
thus can improve safety.

In the case where the short-circuit detector circuit 6 detects
a short-circuit in the switching element 1, the first control
circuit 4 may be configured to control the value of the second
voltage V2 to be equal to or less than the sum of the forward
voltages of the respectwe LED elements 71. As the value of
the second voltage V2 1s controlled to be equal to or less than
the sum of the forward voltages of the respective LED ele-
ments 71, the LED elements 71 become a llght out state
where currents rarely flows therein. Accordingly, it1s possible
to turther suppress the LED elements 71 from producing heat,
and therefore, safety can be further improved. Moreover, the
DC power source circuit 2 keeps supplying power. Therelore,
other circuits (the first control circuit 4, the second control
circuit 5, the short-circuit detection circuit 6 and the like) can
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be driven using the output power from the DC power source
circuit 2. As a result, no additional power source circuit 1s
required.

Alternatively, 1n the case where the short-circuit detection
circuit 6 detects a short-circuit 1n the switching element Q1,
the first control circuit 4 may be configured to stop the driving
of the DC power source circuit 2 in order to make the output
of the DC power source circuit 2 zero. With this configura-
tion, no power 1s supplied to the power conversion circuit 3

and the LED elements 71, so that safety can be enhanced.

I1 the on-duty of the drive signal S1 1s set to be a relatively
large value, the average value of the fourth voltage V4
becomes small even if the switching element (Q1 1s normal.
Therefore, the average value of the fourth voltage V4
becomes a value close to the threshold valueV , |, so that there
1s a concern that the short-circuit detection circuit 6 errone-
ously determines that the switching element Q1 1s 1n a short-
circuit state.

For this reason, in the case where the on-duty of the drive
signal S1 1s set to be a relatively large value, 1t may be
desirable that the second control circuit 5 outputs an ofl-
signal before the short-circuit detection circuit 6 determines
that the switching element Q1 1s 1n a short-circuit state. Spe-
cifically, 11 the average value of the fourth voltage V4
becomes less than the threshold value V , |, the second control
circuit 5 sets the signal level of the drive signal S1 to L-level
betore the short-circuit detection circuit 6 detects a short-
circuit in the switching element Q1. It the switching element
Q1 1s normal, the switching element Q1 1s turned off, so that
the value of the fourth voltage V4 increases. Therefore, the
short-circuit detection circuit 6 dose not erroneously deter-
mine that the switching element Q1 1s 1n a short-circuit state.
On the other hand, 11 the switching element (Q1 has a short-
circuit failure, the value of the fourth voltage V4 does not
increase. Therefore, the short-circuit detection circuit 6 deter-
mines that the switching element Q1 1s 1n a short-circuit state.

Next, a first modification of the lighting device 1 of the first
embodiment will be described. FIG. 4 15 a circuit block dia-
gram of a lighting device 1 according to the first modification.
The lighting device 1 according to the first modification
includes a voltage detection circuit 82 1n place of the above-
described voltage detection circuit 81. The voltage detection
circuit 82 detects a voltage V5 at the junction of the inductor
L1, the capacitor C2 and the light source 7 (hereinafter
referred to as a fifth voltage V5). In addition, the voltage
detection circuit 82 outputs a detection result to the short-
circuit detection circuit 6.

The short-circuit detection circuit 6 compares the detection
result (the fifth voltage V3) from the voltage detection circuit
82 with a threshold value V, ,. Then, the short-circuit detec-
tion circuit 6 determines whether or not the switching element
Q1 1s 1 a short-circuit state based on the comparison result.

In the following descriptions, 1t will be described how the
short-circuit detection circuit 6 detects a short-circuit 1n the
switching element Q1, with reference to wavetorm diagrams
illustrated 1n FIGS. 5 and 6. FIG. 5 shows wavetorm diagrams
when the switching element Q1 1s normal, 1.e., when the
switching element Q1 has no short-circuit failure. FIG. 6
shows wavelorm diagrams when the switching element Q1
has a short-circuit failure. (a) 1n FIGS. 5 and 6 1s a wavelorm
diagram of the drive signal S1 that 1s outputted from the
second control circuit 3 to the switching element Q1. (b) 1n
FIGS. 5 and 6 1s a wavelorm diagram of the fifth voltage V5
that 1s detected by the voltage detection circuit 82. (¢) in
FIGS. 5 and 6 1s a wavelorm diagram of a chopper current I1
flowing 1n the inductor L1.
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If the switching element Q1 1s normal, the fifth voltage V5
becomes a value that 1s dropped from the second voltage V2
(the output voltage from the DC power source circuit 2) by the
amount of the DC voltage V3 (the sum of voltage drops across
the respective LED elements 71), irrespective ol whether the
switching element Q1 1s turned on or off (see (b) 1n FIG. 5).
Further, the thresholdV , , 1s set to be a value smaller than the
value of the fifth voltage V5 1n a normal state of the switching,
clement Q1. On the other hand, 1f the switching element Q1
has a short-circuit failure, the value of the fifth voltage V5
stays at zero all the time (see (b) 1n FIG. 6).

As described above, the value of the fifth voltage V5
becomes a value larger than zero when the switching element
Q1 1s normal. In contrast, the value of the fifth voltage V3§
becomes zero when the switching element Q1 has a short-
circuit failure (see (b) in FIGS. 5 and 6).

In this regard, the short-circuit detection circuit 6 accord-
ing to the first modification calculates the average value of the
fifth voltage V5. Further, the short-circuit detection circuit 6
compares the average value of the fifth voltage VS with the
threshold value V , , to determine whether or not the switch-
ing element QQ 1s 1n a short-circuit state. If the average value of
the fifth voltage V5 1s equal to or greater than the threshold
valueV , , the short-circuit detection circuit 6 determines that
the switching element Q1 1s in the normal state (no short-
circuit). On the other hand, if the average value of the fifth
voltage V5 1s less than the threshold value V , ,, the short-
circuit detection circuit 6 determines that the switching ele-
ment Q1 1s 1n a short-circuit state.

Further, 1f the short-circuit detection circuit 6 detects a
short-circuit 1 the switching element Q1, the first control
circuit 4 reduces the output of the DC power source circuit 2.
As the output of the DC power source circuit 2 1s reduced, the
current flowing 1n the LED elements 71 decreases. Accord-
ingly, when the switching element Q1 has a short-circuit
tailure, the lighting device 1 of the first modification can
suppress the LED elements 71 from producing heat and thus
can improve safety.

Next, a second modification of the lighting device 1 of the
first embodiment will be described. FIG. 7 1s a circuit block
diagram of a lighting device 1 according to the second modi-
fication. The lighting device 1 according to the second modi-
fication includes a power conversion circuit 30 in place of the
above-described power conversion circuit 3.

In contrast to the power conversion circuit 3 configured as
a step-down chopper circuit, the power conversion circuit 30
1s configured as an emitter follower circuit having a switching
clement Q2 (a semiconductor element) and a resistor R1. A
series circuit of the light source 7 (LED elements 71), the
switching element Q2 and the resistor R1 connected in that
order 1s connected between the output terminals of the DC
power source circuit 2 (between two terminals of the capaci-
tor C1). The switching element Q2 1s configured as an NPN
bipolar transistor. The second control circuit 5 controls the
conduction state of the switching element Q2 by controlling
the base voltage of the switching element Q2, and thereby
regulates the current flowing in the LED elements 71 to be
constant.

The lighting device 1 according to the second modification
turther includes a voltage detection circuit 83 that detects the
voltage V6 at the higher-potential terminal of the switching
clement Q2 (hereinafter referred to as the sixth voltage Vé6).
The voltage detection circuit 83 outputs a detection result to
the short-circuit detection circuit 6.

The short-circuit detection circuit 6 compares the detection
result (the sixth voltage V6) from the voltage detection circuit
83 with a threshold value V,, ;. Then, the short-circuit detec-
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tion circuit 6 determines whether or not the switching element
Q2 1s 1n a short-circuit state based on the comparison result.
When the switching element (Q2 has a short-circuit failure,
larger current tlows 1n the series circuit of the light source 7
(LED elements 71), the switching element Q2 and the resistor
R1, compared to when the switching element Q2 1s normal.
As the current flowing 1n the light source 7 (LED elements 71)
increases, forward voltage of the LED elements 71 increases.
For this reason, the sixth voltage V6 becomes lower than
when the switching element Q2 1s normal. Moreover, at the
time when the output power of the DC power source circuit 2
exceeds power supply capability, the value of the second
voltage V2 that 1s outputted from the DC power source circuit
2 decreases, and thus the sixth voltage V6 1s further reduced.

In this regard, according to the second modification, the
short-circuit detection circuit 6 calculates the average value
of the sixth voltage V6. Further, the short-circuit detection
circuit 6 compares the average value of the sixth voltage Vé
with the threshold value V , ; to determine whether or not the
switching element Q2 is 1n a short-circuit state. If the average
value of the sixth voltage V6 1s equal to or greater than the
threshold value V, ,, the short-circuit detection circuit 6
determines that the switching element Q2 1s 1n the normal
state (no short-circuit). On the other hand, 1fthe average value
of the sixth voltage V6 1s less than the threshold value V , ;.
the short-circuit detection circuit 6 determines that the
switching element Q2 1s 1n a short-circuit state.

Further, when the short-circuit detection circuit 6 detects a
short-circuit 1n the switching element 2, the first control
circuit 4 reduces the output of the DC power source circuit 2.
As the output of the DC power source circuit 2 1s reduced, the
current flowing 1n the LED elements 71 decreases. Accord-
ingly, when the switching element Q2 has a short-circuit
tailure, the lighting device 1 according to the second modifi-
cation can suppress the LED elements 71 from producing
heat and thus can improve safety.

Alternatively, the voltage detection circuit 83 may be con-
figured to detect the voltage at the lower-potential terminal of
the switching element Q2, and the short-circuit detection
circuit 6 may determine whether or not the switching element
(2 1s 1n a short-circuit state based on a result obtained by
comparing the detection result from the voltage detection
circuit 83 with the threshold value.

(Embodiment 2)

FIG. 8 1s a circuit diagram of a lighting device 1 according
to a second embodiment of the present invention. The lighting
device 1 according to the second embodiment includes a
current detection circuit 84 (a first current detection circuit) 1n
place of the voltage detection circuit of the first embodiment.
Further, the short-circuit detection circuit 6 includes a com-
parator 61. Other configurations except for those mentioned
above are 1dentical to those described 1n the first embodiment
and are denoted by the like reference numerals, and therefore,
redundant descriptions thereof will be omitted.

The current detection circuit 84 1s configured as a resistor
R2 and detects current flowing 1n the switching element Q1.
The current detection circuit 84 1s connected between the
source terminal of the switching element Q1 and the ground
potential of the circuit. Further, the current detection circuit
84 outputs the voltage V7 across the resistor R2 (hereinafter
referred to as the seventh voltage V7) to the short-circuit
detection circuit 6 as a detection value of the current flowing
in the switching element Q1.

The short-circuit detection circuit 6 includes the compara-
tor 61 to compare a detection result (the seventh voltage V7)
by the current detection circuit 84 with a threshold valueV , ,
(a second threshold value). The comparator 61 outputs an
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output signal S2, the signal level of which 1s set based on the
comparison result between the seventh voltage V7 and the
threshold value 'V, ,. Specifically, i1 the seventh voltage V7 1s
equal to or greater than the threshold value 'V, ,, the compara-
tor 61 sets the signal level of the output signal S2 to H-level.
In addition, 11 the seventh voltage V7 1s less than the threshold
value V., the comparator 61 sets the signal level of the
output signal S2 to L-level.

Further, the short-circuit detection circuit 6 determines
whether or not the switching element Q1 1s 1n a short-circuit
state, based on the duration of the time period 1n which the
seventh voltage V7 1s equal to or greater than the threshold
value V., namely, the time period T1 in which the output
signal S2 stays at H-level (heremaftter referred to as H-level
time period T1).

In the following descriptions, 1t will be described how the
short-circuit detection circuit 6 detects a short-circuit in the
switching element Q1, with reference to wavetorm diagrams
illustrated 1n FIGS. 9 and 10. FIG. 9 shows waveform dia-
grams when the switching element Q1 1s normal, 1.e., when
the switching element Q1 has no short-circuit failure. FIG. 10
shows wavelorm diagrams when the switching element Q1
has a short-circuit failure. (a) in FIGS. 9 and 10 1s a waveform
diagram of the drive signal S1 that i1s outputted from the
second control circuit 3 to the switching element Q1. (b) 1n
FIGS. 9 and 10 1s a waveform diagram of the seventh voltage
V7 that 1s detected by the current detection circuit 84. (¢) in
FIGS. 9 and 10 1s a waveiform diagram of the output signal S2
that 1s outputted from the comparator 61. (d) in FIGS. 9 and
10 1s a wavelorm diagram of a chopper current 11 flowing in
the inductor L1.

First, the operation when the switching element Q1 1s 1n a
normal state (no short-circuit) will be described.

When the drive signal S1 1s at H-level, the switching ele-
ment Q1 1s turned on. As the switching element Q1 1s turned
on, the seventh voltage V7 (current flowing 1in the switching
clement Q1) and the chopper current 11 increase linearly (see
(b) and (d) in FIG. 9). Then, 1t the seventh voltage V7
becomes equal to or greater than the threshold value V , ,, the
output signal S2 of the comparator 61 1s switched from
L-level to H-level (see (¢) 1n FIG. 9).

Then, when the drive signal S1 1s switched from H-level to
L-level, the switching element Q1 1s turned off. As the switch-
ing element Q1 1s turned off, the seventh voltage V7 (the
current flowing 1n the switching element Q1) becomes zero
(see (b) 1n FI1G. 9). Additionally, as the switching element Q1
1s turned off, the chopper current 11 decreases linearly (see (d)
in FIG. 9).

Next, the operation when the switching element Q1 has a
short-circuit failure will be described.

If the switching element Q1 has a short-circuit failure, the
switching element Q1 stays 1n the on-state all the time, 1rre-
spective of the signal level of the drive signal S1. In this case,
DC current determined by the power supply capability of the
DC power source circuit 2 continues to flow in the LED
clements 71, the inductor L1 and the switching element Q1,
and the seventh voltage V7 stays higher than the threshold
value V. all the time (see (b) and (d) 1n FIG. 10). Accord-
ingly, the signal level of the output signal S2 of the compara-
tor 61 stays at H-level all the time (see (¢) 1n FIG. 10).

As described above, when the switching element Q1 1s
normal, the output signal S2 alternates between H-level and
L-level (see (¢) mn FIG. 9). On the other hand, when the
switching element Q1 has a short-circuit failure, the output
signal S2 stays at H-level all the time (see (¢) 1n FIG. 10).

In this regard, the short-circuit detection circuit 6 in this
embodiment determines whether or not the switching ele-
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ment Q1 1s 1n a short-circuit state, based on the duration of the
time period T1 1n which the output signal S2 stays at H-level
(the H-level time period T1). When the duration of the H-level
time period T1 1s less than a threshold value T, ;, namely, 1T
the output signal S2 1s switched to L level before the H-level
time period T1 exceeds a predetermined time period, the
short-circuit detection circuit 6 determines that the switching
clement Q1 1s in the normal state. On the other hand, when the
length of the H-level time T1 1s equal to or greater than the
threshold T, |, the short-circuit detection circuit 6 determines
that the switching element Q1 1s 1n a short-circuit state.

Further, 11 the short-circuit detection circuit 6 detects a
short-circuit 1n the switching element Q1, the first control
circuit 4 reduces the output of the DC power source circuit 2.
As the output of the DC power source circuit 2 1s reduced, the
current tlowing 1n the LED elements 71 decreases. Accord-
ingly, when the switching element Q2 has a short-circuit
failure, the lighting device 1 according to the second embodi-
ment can suppress the LED elements 71 from producing heat
and thus can improve safety.

It 15 to be understood that methods of determining whether
or not the switching element Q1 1s 1n a short-circuit state are
not limited to those described above.

For example, the short-circuit detection circuit 6 may be
configured to average the signal levels of the output signal S2
and determine whether or not the switching element Q1 1s 1n
a short-circuit state, based on a comparison result between the
average value of the output signal S2 and the threshold value.
If the average value of the output signal S2 1s less than the
threshold wvalue, the short-circuit detection circuit 6 deter-
mines that the switching element Q1 1s in the normal state. On
the other hand, 11 the average value of the output signal S2 1s
equal to or greater than the threshold value, the short-circuit
detection circuit 6 determines that the switching element Q1
1s 1n a short-circuit state.

Further, the short-circuit detection circuit 6 may be config-
ured to determine whether or not the switching element Q1 1s
in a short-circuit state, based on intervals at which the signal
level of the output signal S2 1s switched from one to another.
It the signal level of the output signal S2 1s switched from
H-level to L-level or vice versa within a predetermined time
period, the short-circuit detection circuit 6 determines that the
switching element (Q1 1s in the normal state. On the other
hand, 11 the signal level of the output signal S2 1s not switched
from H-level to L-level or vice versa even after a predeter-
mined time period has lapsed, the short-circuit detection cir-
cuit 6 determines that the switching element Q1 1s 1n a short-
circuit state.

Furthermore, the short-circuit detection circuit 6 may be
configured to determine whether or not the switching element
Q1 1s 1n a short-circuit state, based on the signal level of the
output signal S2 at the time when the signal level of the drive
signal S1 1s switched from L-level to H-level. If the signal
level of the output signal S2 1s L-level at the time when the
signals level of the drive signal S1 1s switched from L-level to
H-level, the short-circuit detection circuit 6 determines that
the switching element Q1 1s in the normal state (see (a) and (¢)
in FI1G. 9). On the other hand, 11 the signal level of the output
signal S2 1s H-level at the time when the signal level of the
drive signal S1 1s switched from L-level to H-level, the short-
circuit detection circuit 6 determines that the switching ele-
ment Q1 1s 1n a short-circuit state (see (a) and (¢) in FIG. 10).
(Embodiment 3)

FIG. 11 1s acircuit diagram of a lighting device 1 according,
to a third embodiment of the present invention. The lighting
device 1 according to the third embodiment includes a current
detection circuit 83 (a second current detection circuit) and a
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timer 91 (a first timer), in addition to the configurations
included 1n the lighting device 1 of the second embodiment.
Moreover, the lighting device 1 according to the third
embodiment 1s different from that of the second embodiment
in terms of the way how to control the switching of the
switching element Q1 by the second control circuit 5 and the
way how to determine whether or not the switching element
Q1 1s 1 a short-circuit state by the short-circuit detection
circuit 6. The other configurations except for those mentioned
above are 1dentical to those described in the second embodi-
ment and are denoted by the like reference numerals, and
therefore, redundant descriptions thereof will be omaitted.

The current detection circuit 85 detects a chopper current
I1 flowing in the inductor L1. Specifically, the current detec-
tion circuit 85 detects a voltage V8 across the inductor L1
(heremaftter referred to as an eighth voltage V8) to thereby
determine whether or not current 1s tlowing in the imnductor
L1.

In addition, the second control circuit 5 controls the switch-
ing of the switching element Q1 based on a detection result
(the seventh voltage V7) of the current detection circuit 84
and a detection result of the current detection circuit 85 (the
cighth voltage V8). In the following descriptions, 1t will be
described how the switching of the switching element Q1 1s
controlled, with reference to waveform diagrams 1illustrated
in FIG. 12. (a) in FIG. 12 1s a waveform diagram of the drive
signal S1 that 1s outputted from the second control circuit 5 to
the switching element Q1. (b) 1n FIG. 12 1s a waveform
diagram of the fourth voltage V4. (¢) 1n FIG. 12 1s a wavelform
diagram of the chopper current I1 flowing in the inductor L1.

The second control circuit 5 determines the timing to turn
off the switching element Q1 based on a detection result (the
seventh voltage V7) of the current detection circuit 84. Fur-
ther, the second control circuit 5 determines the timing to turn
on the switching element (1 based on a detection result (the
cighth voltage V8) of the current detection circuit 83. Spe-
cifically, the second control circuit 5 turns ofl the switching
clement Q1 when the seventh voltage V7 reaches a predeter-
mined value. In other words, the second control circuit 5 turns
off the switching element Q1 when the current flowing 1n the
switching element Q1 (the chopper current I1 at the time
when the switching element Q1 1s turned on) reaches a thresh-
old value I, ; (see (a) and (c) in FIG. 12). As the switching
clement Q1 1s turned off, the chopper current 11 decreases
linearly. When the chopper current 11 becomes lower than
zero, the polarity of the eighth voltage V8 1s inverted so that 1t
becomes lower than a predetermined value. It the value of the
cighth voltage V8 becomes lower than the predetermined
value, namely, the chopper current 11 becomes zero, the sec-
ond control circuit 3 turns on the switching element Q1 (see
(a) and (c¢) n FIG. 12). In this manner, the second control
circuit 5 controls the switching of the switching element Q1 1n
a critical mode, and the chopper current 11 becomes a trian-
gular wave (see (¢) 1n FIG. 12).

Further, the timer 91 starts to count when the second con-
trol circuit 5 outputs an on-signal (the drive signal S1 of
H-level) to turn on the switching element Q1. In addition, the
timer 91 resets the counted value when the detection result
(the seventh voltage V7) of the current detection circuit 84
reaches a predetermined value. That 1s, the timer 91 resets the
counted value when the second control circuit 5 outputs an
off-signal (the drive signal S1 of L-level) to turn oif the
switching element Q1. In this manner, the timer 91 measures
the duration of the time period T2 1n which the drive signal S1
1s set to H-level (heremafter referred to as a H-level time

period T2).
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Here, the second control circuit 5 has an upper limit value
120 (a third threshold) of the H-level time period T2 in which

the drive signal S1 1s set to H-level. Further, the second
control circuit S has an upper limit value T30 of the L-level
time period T3 in which the drive signal S1 1s set to L level.
Further, the second control circuit 5 forcibly switches the
signal level of the drive signal S1 to L-level when the H-level
time period T2 exceeds the upper limit value T20. In addition,
the second control circuit 5 forcibly switches the signal level
of the drive signal S1 to H-level when the L level time period
T3 exceeds the upper limit value T30.

For example, 11 a transitional change occurs in the power
supplied to the light source 7 so that an instantaneous voltage
drop occurs 1n the second voltage V2 outputted from the DC
power source circuit 2, there 1s a concern that the chopper
current I1 may not reach the threshold value 1, ,. When this
happens, the second control circuit 5 forcibly switches the
signal level ol the drive signal S1 to L-level if the H-level time
pertod T2 exceeds the upper limit value 120, and thereby
forcibly turns off the switching element Q1 and reduces the
output current.

Next, the operation when the switching element (Q1 has a
short-circuit failure will be described, with reference to wave-
form diagrams illustrated in FIG. 13. (a) in FIG. 13 15 a
wavelform diagram of the drive signal S1 that 1s outputted
from the second control circuit 5 to the switching element Q1.
(b)1n FIG. 13 1s a wavetform diagram of the fourth voltage V4.
(c)1n FIG. 13 1s a wavetorm diagram of the chopper current 11
flowing 1n the inductor L1.

As a short-circuit occurs 1n the switching element Q1, the
value of the second voltage V2 that 1s outputted from the DC
power source circuit 2 decreases until 1t becomes approxi-
mately the same value as the DC voltage V3 (the sum of the
voltage drops across the respective LED elements 71) (see (b)
in FIG. 13). In addition, the DC current determined by the
power supply capability of the DC power source circuit 2
continues to flow 1n the inductor L1, and thus the value of the
chopper current I1 becomes a substantially constant value
that 1s lower than the threshold value 1, ,. For this reason, the
second control circuit 5 repeats the operation of switching the
signal level of the drive signal S1 to L-level when the H-level
time period T2 exceeds the upper limit value T20 and the
operation of switching the signal level of the drive signal S1
to H-level when the L-level time period T3 exceeds the upper
limit value T30 (see (a) in FIG. 13).

Next, detecting a short-circuit 1n the switching element Q1
by the short-circuit detection circuit 6 will be described.

As described above, the timer 91 starts to count when the
second control circuit 5 outputs an on-signal (the drive signal
S1 of H-level) to turn on the switching element Q1. Further,
the timer 91 resets the counted value when the second control
circuit 5 outputs an oif-signal (the drive signal S1 of L-level)
to turn oif the switching element Q1. The detection result (the
seventh voltage V7) of the current detection circuit 84 and the
value counted by the timer 91 are inputted to the short-circuit
detection circuit 6. Then, the short-circuit detection circuit 6
determines whether or not the switching element Q1 1s 1n a
short-circuit state based on the detection result of the current
detection circuit 84 and the value counted by the timer 91.
Specifically, 1f the seventh voltage V7 reaches a predeter-
mined value (if the chopper current 11 reaches the threshold
value 1, ) while the timer 91 1s counting, the short-circuit
detection circuit 6 determines that the switching element Q1
1s 1n the normal state. On the other hand, 11 the seventh voltage
V7 does not reach a predetermined value (it the chopper
current I1 does not reach the threshold value 1, ;) while the
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timer 91 1s counting, the short-circuit detection circuit 6
determines that the switching element Q1 1s 1n a short-circuit
state.

That 1s to say, 11 the value counted by the timer 91 exceeds
the upper limit value T20 (the third threshold value) of the
H-level time period T2, the short-circuit detection circuit 6
determines that the switching element (Q1 1s 1n a short-circuit
state.

In this embodiment, 1f the value counted by the timer
exceeds the upper limit T20 several times, the short-circuit
detection circuit 6 determines that the switching element Q1
1s 1n a short-circuit state. By doing so, for example, even 1f an
instantaneous voltage drop occurs 1n the second voltage V2, 1t
1s possible to prevent the short-circuit detection circuit 6 from
making erroneous determination.

Further, when the short-circuit detection circuit 6 detects a
short-circuit 1 the switching element Q1, the first control
circuit 4 reduces the output of the DC power source circuit 2.
As the output of the DC power source circuit 2 1s reduced, the
current flowing 1n the LED elements 71 decreases. Accord-
ingly, when the switching element Q2 has a short-circuit
tailure, the lighting device according to the third embodiment
can suppress the LED elements 71 from producing heat and
thus can improve safety.

Next, a modification of the lighting device of the third
embodiment will be described. FIG. 14 1s a circuit block
diagram of a lighting device 1 according to this modification.
The lighting device 1 according to this modification includes
a timer 92 (a second timer) 1n place of the timer 91, and
accordingly the way how to determine whether or not the
switching element Q1 1s in a short-circuit state by the short-
circuit detection circuit 6 1s different from that described
above.

The timer 92 starts to count when the second control circuit
5 outputs an on-signal (the drive signal S1 of H-level) to turn
on the switching element Q1. Further, the timer 92 resets the
counted value 11 the detection result (the eighth voltage V8) of
the current detection circuit 835 becomes lower than a prede-
termined value, namely, 11 the second control circuit 5 outputs
an on-signal to turn on the switching element Q1 again. That
1s to say, the timer 92 measures a period T4 of the drive signal
S1.

Next, controlling the switching of the switching element
Q1 1n this modification will be described, with reference to
FIG. 15. (a) in FIG. 15 1s a wavelorm diagram of the drive
signal S1 that 1s outputted from the second control circuit 5 to
the switching element Q1. (b) 1n FIG. 15 1s a wavelorm
diagram of the fourth voltage V4. (¢) 1n FIG. 15 1s a wavelform
diagram of the chopper current I1 flowing in the inductor L1.

Similarly to the above, the second control circuit 5 1n this
modification controls the switching of the switching element
Q1 1n a critical mode. In addition, the second control circuit 3
in this modification has an upper limit value 140 (a fourth
threshold value) of the period T4 of the drive signal S1,
instead of the upper limit value T30 of the L-level time period
13. Further, the second control circuit 5 forcibly switches the
signal level of the drive signal S1 to L-level when the H-level
time period T2 exceeds the upper limit value T20. In addition,
the second control circuit 5 forcibly switches the signal level
of the drive signal S1 to H-level when the period T4 of the
drive signal S1 exceeds the upper limit value T40.

For example, 11 a voltage across the capacitor C2 1s low
when the power conversion circuit 3 starts up, there 1s a
concern that a change 1n the eighth voltage V8 1s so small that
the second control circuit S may not be able to detect that the
chopper current 11 has become zero. When this happens, the
second control circuit 5 forcibly switches the signal level of
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the drive signal S1 to H-level 11 the period T4 of the drive
signal S1 exceeds the upper limit value T40, and thereby
allows the switching operations of the switching element Q1
to be continued.

Next, detecting a short-circuit 1in the switching element Q1
by the short-circuit detection circuit 6 according to this modi-
fication will be described.

FIG. 16 shows wavelform diagrams when the switching
clement Q1 has a short-circuit failure. (a) in FIG. 16 1s a
wavelorm diagram of the drive signal S1 that 1s outputted
from the second control circuit 5 to the switching element Q1.
(b)1n FIG. 16 1s a wavetorm diagram of the fourth voltage V4.
(c)1n FIG. 16 1s a wavetorm diagram of the chopper current 11
flowing 1n the inductor L1.

As 1llustrated 1n (c¢) in FIG. 16, 1in the case where the
switching element Q1 has a short-circuit failure, 1f the chop-
per current 11 becomes a value close to the threshold value
I, ., an off-signal may be outputted from the second control
circuit 5 before the H-level time period T2 exceeds the upper
limit value T20. In this case, 11 the timer 91 that measures the
H-level time period 12 1s used for determining whether or not
the switching element Q1 1s 1n a short-circuit state, there 1s a
concern that the switching element Q1 1s erroneously deter-
mined to be 1n the normal state even though the switching
clement Q1 1s short-circuited.

In this modification, the detection result (the eighth voltage
V8) of the current detection circuit 85 and the value counted
by the timer 92 are mnputted to the short-circuit detection
circuit 6. Then, the short-circuit detection circuit 6 deter-
mines whether or not the switching element Q1 1s 1n a short-
circuit state based on the detection result of the current detec-
tion circuit 85 and the value counted by the timer 92.
Specifically, 11 the eighth voltage V8 becomes zero (if the
chopper current I1 becomes zero) while the timer 92 1s count-
ing, the short-circuit detection circuit 6 determines that the
switching element Q1 1s 1n the normal state. On the other
hand, 11 the eighth voltage V8 does not become zero (if the
chopper current 11 does not become zero) while the timer 92
1s counting, the short-circuit detection circuit 6 determines
that the switching element Q1 1s 1n a short-circuit state.

That 1s, 11 the value counted by the timer 92 exceeds the
upper limit value T40 (the fourth threshold value) of the
period T4 of the drive signal S1, the short-circuit detection
circuit 6 determines that the switching element Q1 1s 1n a
short-circuit state.

Further, when the short-circuit detection circuit 6 detects a
short-circuit 1 the switching element Q1, the first control
circuit 4 reduces the output of the DC power source circuit 2.
As the output of the DC power source circuit 2 1s reduced,
current flowing 1n the LED elements 71 decreases. Accord-
ingly, when the switching element Q2 has a short-circuit
tailure, the lighting device 1 according to this modification
can suppress the LED elements 71 from producing heat and
thus can improve safety.

As described above, according to this modification, 1t 1s
determined whether or not the switching element Q1 1s 1n a
short-circuit state using the timer 92 to measure the period 14
of the drive signal S1. Accordingly, in the case where the
switch element Q1 has a short-circuit failure and the chopper
current I1 becomes a value close to the threshold value I, 1t
1s possible to prevent erroneous determination that the
switching element Q1 1s in the normal state even though the
switching element Q1 1s short-circuited.

Further, as described above, since the voltage across the
capacitor C2 1s low immediately after the power conversion
circuit 3 has started up, there 1s a concern that the period T4 of
the drive signal S1 may exceed the upper limit value T40. For
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this reason, 1t may be desirable that the short-circuit detection
circuit 6 does not detect a short-circuit possibly 1n the switch-
ing element Q1 until enough time lapses for the voltage across
the capacitor C2 to increase after the power conversion circuit
3 has started up.

(Embodiment 4)

FIG. 17 1s a circuit block diagram of a lighting device 1
according to a fourth embodiment of the present invention.
The lighting device 1 according to the fourth embodiment
includes a voltage detection circuit 86 (a second voltage
detection circuit) and a voltage detection circuit 87, 1 place
of the voltage detection circuit 81 in the first embodiment.
Moreover, the lighting device 1 according to the fourth
embodiment 1s different from that of the first embodiment 1n
terms of the way how to control the switching of the switching
clement Q1 by the second control circuit 5 and the way how
to determine whether or not the switching element Q1 1s1n a
short-circuit state by the short-circuit detection circuit 6. The
other configurations except for those mentioned above are
identical to those described 1n the first embodiment and are
denoted by the like reference numerals, and therefore, redun-
dant descriptions thereof will be omitted.

The voltage detection circuit 86 detects the output voltage
(the second voltage V2) from the DC power source circuit 2
and outputs a detection result to the second control circuit 3
and the short-circuit detection circuit 6. The voltage detection
circuit 87 detects an input voltage (the first voltage V1) to the
DC power source circuit 2 and outputs a detection result to the
short-circuit detection circuit 6.

If the detection result (the second voltage V2) of the volt-
age detection circuit 86 1s equal to or greater than a predeter-
mined value, the second control circuit 5 turns on/oft the
switching element Q1 by outputting the drive signal S1 alter-
nating between H-level and L-level to the switching element
Q1. On the other hand, 11 the detection result (the second
voltage V2) of the voltage detection circuit 86 1s less than the
predetermined value, the second control circuit 5 sets the
signal level of the drive signal S1 outputted to the switching
clement Q1 to L-level for a predetermined time period,
namely, outputs an off-signal for the predetermined time
period, and temporarily stops turning on/off the switching
clement Q1. That 1s to say, when the second voltage V2
decreases, the second control circuit 5 forces the switching
clement Q1 to stay in the off state.

For example, 1f the second voltage V2 has decreased due to
a transitional change 1n the output power supplied to the light
source 7, the switching element Q1 1s forced to be turned off,
so that the supply current to the light source 7 1s reduced and
the second voltage V2 returns to the original value. Then,
when the second voltage V2 returns to be equal to or greater
than a predetermined value within a predetermined time
period, the second control circuit 5 resumes the turning on/off
of the switching element Q1.

If the switching element Q1 has a short-circuit failure,
however, the value of the second voltage V2 decreases until 1t
becomes approximately the same value as the DC voltage V3
(the sum of voltage drops across the respective LED elements
71), so that the second voltage V2 does not return (see (b) 1n
FIG. 3).

In this regard, the short-circuit detection circuit 6 deter-
mines whether or not the switching element Q1 1s 1n a short-
circuit state based on the second voltage V2 while the second
control circuit 3 forces the switching element Q1 to stay in the
off state. Specifically, the short-circuit detection circuit 6
compares the detection result (the second voltage V2) of the
voltage detection circuit 86 with a threshold value 'V, . (a fifth
threshold value) while the second control circuit 3 1s output-
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ting an off signal for a predetermined time period. If the
detection result (the second voltage V2) of the voltage detec-
tion circuit 86 becomes equal to or greater than the threshold
valueV , ., the short-circuit detection circuit 6 determines that
the switching element Q1 1s in the normal state. On the other
hand, 11 the detection result (the second voltage V2) by the
voltage detection circuit 86 is less than the threshold value
V . <, the short-circuit detection circuit 6 determines that the
switching element Q1 1s 1n a short-circuit state.

When the short-circuit detection circuit 6 detects a short-
circuit 1n the switching element QQ1, the first control circuit 4
reduces the output of the DC power source circuit 2. As the
output of the DC power source circuit 2 1s reduced, current
flowing i the LED elements 71 decreases. Accordingly,
when the switching element ()2 has a short-circuit failure, the
lighting device 1 according to the fourth embodiment can
suppress the LED elements 71 from producing heat and thus
can 1mprove safety.

Additionally, the short-circuit detection circuit 6 may addi-
tionally consider whether or not the detection result of the
voltage detection circuit 87 1s equal to or greater than a
predetermined value, in determining whether or not the
switching element Q1 1s 1n a short-circuit state. For example,
if the first voltage V1 decreases greatly for some reasons, so
does the second voltage V2. In this case, even 1 the switching
element Q1 1s normal, the second voltage V2 does not return.
Accordingly, there 1s a concern that the short-circuit detection
circuit 6 erroncously determines that the switching element
Q1 1s 1 a short-circuit state. Therefore, the short-circuit
detection circuit 6 may be configured to determine that the
switching element Q1 1s 1n a short-circuit state, when the
detection result of the voltage detection circuit 86 is less than
the threshold value 'V , . and the detection result of the voltage
detection circuit 87 1s equal to or greater than a predetermined
value while the second control circuit 5 outputs an oif-signal.
With this configuration, 1t 1s possible to prevent the short-
circuit detection circuit 6 from making erroneous determina-
tion when the first voltage V1 decreases.

As described thus far, 1n the first to fourth embodiments,
the power conversion circuit 3 that 1s configured as a step-
down chopper circuit has been used. However, the power
conversion circuit 3 may be configured as other chopper
circuits (such as a step-up chopper circuit and a step-up and
step-down chopper circuit) or may be configured as other
circuits than chopper circuits. In addition, the power conver-
s1on circuit 3 may be configured by combining chopper cir-
cuits (1n a manner that a step-down chopper circuit 1s disposed
at the subsequent stage of a step-up chopper circuit, for
example).

Further, according to the first to fourth embodiments, the
DC power source circuit 2 1s configured as an AC/DC con-
version circuit using the commercial power supply E1 as the
input power supply. However, the DC power source circuit 2
may be configured as a DC/DC conversion circuit using a DC
power supply as the mput power supply.

In addition, according to the first to fourth embodiments,
the light source 7 includes LED elements 71. However, the
light source 7 may include other solid light-emitting elements
(such as organic EL (electro-luminescence) elements, for
example).

Further, the configurations, control methods, and functions
of the lighting device 1 according to the first to fourth embodi-
ments may be combined.

(Embodiment 3)

FIG. 18 shows a schematic configuration of a luminaire 10
according to a fifth embodiment of the present invention. The
luminaire 10 according to the fifth embodiment 1s an LED
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luminaire with a separate power source, which includes the
lighting device 1 according to any one of the first to fourth
embodiments, and a light source 7 powered by the lighting
device 1.

The housing 11 of the lighting device 1 and the housing 72
of the light source 7 are separated. The housing 1s disposed on
the back side of a ceiling 100. The housing 72 has a cylindri-
cal shape with 1ts lower end opened and 1s 1nserted into a hole
101 formed 1n the ceiling 100. The housing 72 has a substrate
73 disposed on 1ts bottom surface (upper surface) therein. The
substrate 73 has LED elements 71 mounted on its lower
surface (three LED elements are 1llustrated in FIG. 18). Fur-

ther, a light diffusion plate 74 1s disposed to cover the opening,
of the housing 72. The light diffusion plate 74 diffuses the
light emitted by the LED elements 71.

Conductive lines 111 are extended from the housing 11. A
connector 112 1s provided at the leading ends of the conduc-
tive lines 111. Further, conductive lines 721 are extended
from the housing 72. A connector 722 1s provided at the
leading ends of the conductive lines 721. The connector 112
and the connector 722 are connected to each other, and
accordingly the lighting device 1 and the LED elements 71
are electrically connected to each other.

The luminaire 10 of this embodiment includes the lighting
device 1 according to any one of the first to fourth embodi-
ments, and therefore, can detect a short-circuit 1in the switch-
ing element Q1 (semiconductor element) included 1n the
power conversion circuit 3. Moreover, when the switching
clement Q1 has a short-circuit failure, current flowing 1n the
LED elements 71 1s reduced, so that it 1s possible to suppress
the LED elements 71 from producing heat and thus can
improve safety.

In addition, according to this embodiment, the luminaire
10 1s an LED luminaire with a separate power source, which
provides the lighting device 1 and the light source 7 sepa-
rately. However, the luminaire 10 may be configured as an
LED luminaire with an integrated power source, which pro-
vides the lighting device 1 and the light source 7 integrally.

While the foregoing has described what are considered to
be the best mode and/or other examples, it 1s understood that
various modifications may be made therein and that the sub-
ject matter disclosed herein may be implemented 1n various
forms and examples, and that they may be applied in numer-
ous applications, only some of which have been described
herein.

It 1s intended by the following claims to claim any and all
modifications and variations that fall within the true scope of
the present teachings.

What 1s claimed 1s:
1. A lighting device for lighting a solid light-emitting ele-
ment, comprising:

a DC power source circuit configured to output DC power;

a power conversion circuit including a semiconductor ele-
ment connected between output terminals of the DC
power source circuit, the power conversion circuit con-
figured to supply power to the solid light-emitting ele-
ment through a control of a conduction state of the
semiconductor element;

a {irst control circuit configured to control an output of the
DC power source circuit; and

a second control circuit configured to control an output of
the power conversion circuit by controlling the conduc-
tion state of the semiconductor element; a short-circuit
detection circuit configured to detect a short-circuit 1n
the semiconductor element,
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wherein the first control circuit reduces the output of the
DC power source circuit when the short-circuit detec-
tion circuit detects the short-circuit in the semiconductor
element,

wherein the semiconductor element 1s a switching element,
switching of the switching element being controlled by
the second control circuit,

wherein the power conversion circuit 1s a chopper circuit
that supplies a desired power to the solid light-emitting
clement through a control of current flowing in the
switching element,

wherein, the lighting device further comprises;

a current detection circuit configured to detect a current
flowing 1n the switching element; and

a timer configured to start to count when the second control
circuit outputs an on-signal to turn on the switching
clement, and configured to reset a counted value when a
detection result by the current detection circuit reaches a
predetermined value, and

wherein the short-circuit detection circuit determines that
the switching element 1s in a short-circuit state 1 the
counted value by the timer exceeds a threshold value.

2. A luminaire, comprising;:

the lighting device of claim 1; and

the solid light-emitting element to be powered by the light-
ing device.

3. A lighting device for lighting a solid light-emitting ele-

ment, comprising:

a DC power source circuit configured to output DC power;

a power conversion circuit including a semiconductor ele-
ment connected between output terminals of the DC
power source circuit, the power conversion circuit con-
figured to supply power to the solid light-emitting ele-
ment through a control of a conduction state of the
semiconductor element;

a first control circuit configured to control an output of the
DC power source circuit; and

a second control circuit configured to control an output of
the power conversion circuit by controlling the conduc-
tion state of the semiconductor element; a short-circuit

detection circuit configured to detect a short-circuit 1n
the semiconductor element,

wherein the first control circuit reduces the output of the
DC power source circuit when the short-circuit detec-
tion circuit detects the short-circuit in the semiconductor
element,

wherein the semiconductor element 1s a switching element,
switching of the switching element being controlled by
the second control circuit,

wherein the power conversion circuit 1s a chopper circuit
that supplies a desired power to the solid light-emitting
clement through a control of current tlowing in the
switching element,

wherein, the lighting device further comprises;

a current detection circuit; and

a timer configured to measure time,

wherein the chopper circuit includes an inductor, 1n which
the solid light-emitting element, the inductor and the
switching element are connected in series to one another
between the output terminals of the DC power source
circuit;

wherein the current detection circuit detects current flow-
ing in the inductor;

wherein the timer starts to count when the control circuit
outputs an on-signal to turn on the switching element
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and resets a counted value when a detection result by the
current detection circuit becomes lower than a predeter-
mined value; and

wherein the short-circuit detection circuit determines that
the switching element 1s 1n a short-circuit state 1f the
counted value by the timer exceeds a threshold value.

4. A luminaire, comprising:
the lighting device of claim 3; and

the solid light-emitting element to be powered by the light-
ing device.
5. A lighting device for lighting a solid light-emitting ele-

ment, comprising:

a DC power source circuit configured to output DC power;

a power conversion circuit including a semiconductor ele-
ment connected between output terminals of the DC
power source circuit, the power conversion circuit con-
figured to supply power to the solid light-emitting ele-
ment through a control of a conduction state of the
semiconductor element;

a {irst control circuit configured to control an output of the
DC power source circuit; and

a second control circuit configured to control an output of
the power conversion circuit by controlling the conduc-
tion state of the semiconductor element; a short-circuit
detection circuit configured to detect a short-circuit 1n
the semiconductor element,
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wherein the first control circuit reduces the output of the
DC power source circuit when the short-circuit detec-
tion circuit detects the short-circuit in the semiconductor
element,

wherein the semiconductor element 1s a switching element,
switching of the switching element being controlled by
the second control circuit,

wherein the power conversion circuit 1s a chopper circuit
that supplies a desired power to the solid light-emitting
celement through a control of current tlowing in the
switching element,

wherein, the lighting device further comprises;

a voltage detection circuit configured to detect an output
voltage of the DC power source circuit,

wherein the chopper circuit includes an inductor, in which
the solid light-emitting element, the inductor and the
switching element are connected in series to one another
between the output terminals of the DC power source
circuit; and

wherein the short-circuit detection circuit determines that
the switching element 1s 1n a short-circuit state 1t a detec-
tion result by the voltage detection circuit 1s less than
threshold value while the second control circuit outputs
an off-signal to turn off the switching element.

6. A luminaire, comprising:

the lighting device of claim §; and

the solid light-emitting element to be powered by the light-
ing device.
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